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A PORTABLE VESSEL FOR CONTACTING FLUID PHASES A I R CLEANING, HEAT I NG, 

AND COOL I NG APPARATUS 

CROSS REFERENCE TO RELATED APPL I CAT I ONS 

Not app li cab le . 

STATEMENT REGARD I NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Not app li cab le . 
REFERENCE TO A M I CROF I CHE APPEND I X 

Not applicab le . 
FIELD OF THE INVENTION 



The present invention relates to a vessel for contacting fluid phas es consisting of a 
fluid guiding body shaped as an auger with a stem and a hollow blad e, confined within a 
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contacted with a liquid to transfer mass within the vapor or aas stream into the liquid stream 
or to transfer heat to or from the vapor or gas. A liquid enters the h ollow blade through a 
liquid inlet opening. A vapor or gas enters the conduit formed by the blade o f the auger 
shaped fluid guiding body revolved about the stem and the inside wa ll of the housing through 
an inlet opening in the housing. The vapor or gas moves through the conduit and is 
contacted throughout the contacting zone bv the liquid exiti ng the blade through perforations 
in the bottom of the blade. The contacted vapor or gas and the use d liquid are discharged 
separately through a vapor or gas discharge opening and a liquid discharge opening, 
respectively. 

BACKGROUND OF THE INVENTION 

Numerous mechanisms have been devised to contact and subseq uently separate a 
vapor or gas and a liquid for the purpose of cleaning or conditionin g the vapor or gas. 
Typically, the vapor or oas and liquid flow countercurrentlv to one anothe r and the frictional 
drag between the flowing phases and devices such as splash plates, sprav nozzles, or mesh 
screens disperse the liquid into very small droplets to promote m ixing of the phases. 

Muhr 6 117 219 describes an arrangement for washing and humidifying air with water 
using a water guiding body shaped as a hollow stone sculpture. The ins ide and outside 
surfaces of the body are completely wetted bv distributing the downw ard flow of the water 
over the inside and outside surfaces of the body using crevices an d grooves in the surfaces 
of the body to maximize the surface area between the air a nd water phases so as to promote 
the transfer of water between the phases. Splash plates on the inne r surface of the hollow 
body and an insert body comprised of wire mesh or perforated disk s disintegrate the water 
flowing downward into small droplets to promote mixing of the ai r and water phases. 

Svkes 2 81 7 41 5 describes a vertically disposed cylindrical tower typ e of apparatus for 
countercurrentlv contacting fluid phases which uses a helic al baffle to direct liquid downward 
and toward the center of the tower to promote mixing of the liquid w ithin the vortex of a vapor 
flowing through a helical pathway upward through the contacting zone. O ther vertically 
disposed cylindrical towers utilizing devices such as contacting materials , splash plates. 
sorav nozzles, and peforated surfaces within the vessel to promote c ontacting of the vapor 
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and liquid phases are common. Generally the vapor or gas makes a single pass through the 
contacting zone. Throughout most of the contacting zone the vapor or gas is contacted by 
liquid that has contacted preceding vapor or gas. 

Current l y, i ndoor a i r c l oaning syctoms primar il y use filters to d i roct l y c l ean indoor air 
and a ll a i r fi l t e r i ng syst e ms suff o r from a numb e r of d i sadvantages. Th e y do not max i m i z e 
tho proport i on of a i r i n a room that i s cloan e d becauco th ei r l ow h e ight doc i gnc do not 
opt i ma l ly faci li tat o the c i rcu l at i on of the air in th e room. They oporat e at low air flow rates 
and do not optimiz e cl e an i ng p e rformanco w i th r o cp e ctto th o numb e r of t i m e s that th e air i n 
tho room i c e xchang e d ovor a g i v e n amount of t i mo. Th e y lack sca l ab il ity b e caus e an air 
c lo an i ng system uo i ng a fi l t o r to d i rect l y c l oan a i r is l i m i t e d in docign to th o cross sect i ona l 
aroa of tho f il tor and to th e maximum f l ow rate of air that the f il t o r can hand l o. Furth e r, indoor 
a i r c lo aning syctomc do not provid e tho m e ans to hoat or cool th e air that i s be i ng c le an e d. 
F i na l ly, e xpono i v e f i ltero muct be rop l acod froquont l y bocauoo tho amount of a i r b e ing 
c lo aned decr ea s e s over t i m e as i mpur i ties ar e collect e d by the f il t e r. 

OBJECT OF THE INVENTION 

The objects of the present invention are to thoroughly contact a g as or vapor with a 
clean liquid throughout a fluid contacting zone, to increase the residence time of a vapor or 
gas within a cleaning vessel, to improve the scalability of a fluid conta cting and separation 
vessel, and to reduce the cost to produce such a vessel. 

BRIEF SUMMARY OF THE INVENTION 

The present invention achieves these objectives by a fluid contacting vessel 
containing an auger shaped fluid guiding body comprising a stem and a blade extending 
through most or all of the height of a vertically disposed housing. Vapor o r gas enters the 
conduit formed by the blade revolved about the stem through a conduit in the ho using at the 
vaoor or gas inlet end of the vessel and flows upward along a helic al flow path through the 
conduit and exits the vessel. 

Liquid enters the hollow blade of the fluid guiding body through a c onduit in the blade 
at the liquid inlet side of the vessel and is discharged through perforatio ns in the bottom of 
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the blade into the vapor or gas stream moving through the vessel. The used liquid flows 
down the upper surface of the blade of the fluid guiding body and is discharged from the 
vessel. This configuration for contacting a vapor or gas stream with a liquid ensures that the 
vapor or gas passing through the vessel is contacted thoroughly with clean liquid throughout 
the fluid contacting zone. 

Because the liquid is dispersed thoroughly into the vapor or gas from the perforations 
in the bottom of the blade, there is no need to operate in a countercurrent manner or to 
employ devices such as splash plates or spray nozzles to disperse the liquid into the vapor or 
gas stream. The perforations in the bottom of the blade of the fluid guiding body may be 
small so as to deliver a fine mist to the vapor or gas stream so that fine matter contained 
within the stream is wetted and so that heat may be transferred to or from the vapor or gas 
phase. The perforations may be larger in order to deliver larger liquid droplets to the vapor or 
gas phase so that wet fine matter within the vapor or gas is contacted by larger liguid 
droplets and is transferred from the vapor or gas stream to the used liquid stream. The 
perforations may be designed to deliver the liquid to the vapor or gas phase in a generally 
concurrent or generally countercurrent manner. 

My i nv e nt i on r e mov e s impuriti e s from i ndoor air by w a shing the a i r with water. The 
us e d wat e r i s subs e qu e ntly c le an e d, h e ated or coo le d, and r e used. S e v e ral obj e cts and 
advantag e s of my air c le an i ng syst e m ar e to maxim i z e th e proport i on of a i r i n a room that i s 
c le an e d; to operate at a h i gh capac i ty; to prov i de gr e at e r scalab i l i ty to for an a i r c l ean i ng 
syst e m; to provide th e means to h e at or cool th e air that is b e ing c l ean e d; and to 
cont i nuously op e rat e at th e optimum capacity. Furth e r obj e cts and advantag e s ar e to r e duc e 
th e costs of op e rating and ma i ntaining an air c le an i ng syst e m and to r e duc e i ndoor h ea ting 
and coo li ng costs. 

REFERENCE NUMERALS I N DRAW I NGS 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The present invention may be better understood bv referring to the attached figures 
wherein an embodiment of the invention is illustrated. 

FIG. 4 shows a partially cut-away view of an embodiment of the present invention. 
FIG. 2 is a view taken along the section l-l of FIG. 4. 
FIG. 7 is a view taken along the section ll-ll of FIG. 4. 

Th e pr e s e nt e mbodim e nt of my i nv e nt i on i s pr e s e nt e d i n Figs 1 through 6. F i g 1 
shows th e fea^-vie w of th e e le m e nts of the a i r washing syst e m int e rconn e ct e d . Th e front and 
s i d e v ie ws of the syst e m are unr e m a rk a b l e. Fig 2 shows th e top v ie w of th e air w a sh i ng 
syst e m and denot e s th e v ie w of th e cross s e ct i ons pr e s e nt e d in F i gs 3 through 6. Fig 3 
shows th e v e nt 2; F i g A shows th e a i r wash i ng m e chan i sm A ; Fig 5 shows th e m e d i a 
conta i n e r 6; and Fig 6 shows th e r e servoir 8 . 

DETA I LED DESCRIPTION OF THE I NVENT I ON PREFERRED EMBODIMENT 

As shown i n F i g 1 th e ele m e nts ar e g e n e ra ll y. To improv e visua l a pp e al and to 
promot e ass e mb l y, the e xt e rior surfac e s of th e e l e m e nts conta i n groov e s 52 a l ong th e main 
axis of th e ass e mb l age. An ele m e nt i s conn e ct e d to anoth e r ele m e nt by thr e ad i ng a 
cont i guous thr e ad on a notch i n th e element through a contiguous groov e i n a notch in th e 
oth e r ele m e nt 

An a i r v e nt 2 (F i g 3) distr i but e s cl e an e d a i r upward and outward throughout 360 
degr ee s to promot e circulat i on of a i r within a room. Th e top of the v e nt 2 is sol i d and th e r e 
ar e slots 10 in th e v e nt 2. Th e power cord for a fan (not shown) pass e s through a hol e 12. 
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Th e bottom of the v e nt 2 is op e n and conforms to th e uniform m e ans of conn e ct i ng e l e m e nts 
of th e syst e m 14 and conn e cts onto an air wash i ng m e chan i sm A. 

As shown in FIG. 4, Tthe aif wash i ng m e chan i sm 4 (F i g A) fluid guiding body contains 
asoHdstem 18 and a cont i guous continuous hollow blade 20 throughout most or all of the 
length of the stem 18 wherein the revolutions of the blade 20 about the stem 18 form a 
conduit 22. The inner edge of the blade 20 continuously contacts the outer surface of the 
stem 18 and the outer edge of the blade 20 is continuously adjacent to the inner surface of 
the housing 3. as is indicated in the figures. The vessel housing 3 is cylindrical and contains 
a structure 5 to support the fluid guiding body . 

To simplify the description, it will be considered that the vessel presented by the 
figures is operated on a gas phase of air and a liguid phase of water . Air enters the conduit 
22 vessel through a slot vapor or gas inlet 30 in the wall of the housing 3 a coc e ntr i c annu l us 
32 i n th e st e m 18 at the air inlet side of the vessel and moves C le aned air e x i ts th e 
m e chan i sm 4 through the contacting zone via the conduit 22 to th e v e nt 2 and exits the 



Water enters the blade 20 through a liguid inlet 34 in the blade 20. On e revo l ut i on of 
Tthe blade 20 is hollow and both the top and th e bottom of the blade 20 is afe solid so that 
wat e r i s contain e d and the bottom of the blade 20 has perforations 24 so that water flows 
from the blade 20 into the conduit 22 by the forces of gravity and the pressure of the water 
within the blade 20 . 

Wat e r e nt e rs th e b l ad e 20 through a ho l e 3 4 i n the b l ad e 20 water l in e 36 . Two 
r e vo l ut i ons of th e b l ad e 20 ar e ho ll ow and th e top of th e blad e 20 is sol i d and th e bottom of 
th e b l ad e 20 is p e rforated 2A so that wat e r f l ows from th e m e ch a nism 4 by the forc e s of 
grav i ty and the static pressur e h e ad of the wat e r . On e re vo l ution of th e b l ad e 20 i s sol i d and 
grat e d 26 to a l low th e us e d wat e r to tr i ckl e downward. And on e r e volut i on of Tthe blade 20 
terminates in a horizontal revolution of the blade 20 about the stem 18 which rests upon the 
supports of the housing 3 contiguous with th e m e chan i sm A and has grates p e rforations 28 
so that used water is discharged from the vessel . Th e m e chan i sm A proscr i b e s to th e 
un i form means of conn e ct i ng e le m e nts of th e syst e m 14 and 16 and conn e cts onto a 
contain e r 6. 



vessel. 
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The conta i n e r 6 (F i g 5) contains on e or mor e m e dia through wh i ch wat e r from th e 
mechan i sm A flows and wh e r e in i mpur i t ie s r e mov e d from th e air ar e r e mov e d from th e wat e r- 
A i r pass e s through th e conta i n e r 6 through a coo e ntr i c annu l us 32 to th e m e chan i sm A. Th e 
top of the conta i n e r 6 i s op e n and th e bottom of the conta i n e r 6 is p e rforated 38 so that th e 
cl e an e d wat e r tr i ckl e s from th e contain e r 6. The conta i n e r 6 conforms to th e un i form means 
of conn e ct i ng ele ments of th e syst e m 14 and 16 and conn e cts onto a r e s e rvo i r 8. 

Th e r e s e rvoir 8 (F i g 6) conforms to th e uniform m e ans of conn e ct i ng ele m e nts of th e 
syst e m 16. Th e top of th e r e s e rvo i r 8 i s op e n and the bottom of th e r e s e rvo i r 8 is so li d to 
conta i n wat e r. A pump ins i d e the r e s e rvo i r (not shown) pumps wat e r through a l in e i n th e 
r e s e rvo i r 8 through a ho le AO in th e res e rvo i r 8. The ho le AO and the l i ne are coup le d by a 
wash e r m e chan i sm (not shown) to pr e v e nt le akag e and th e port i on of th e li ne protruding from 
th e ho le AO in th e r e s e rvoir 8 is th e wat e r li ne 36 to the mechanism A. A qu i ck - conn e ct f i tt i ng 
i s attached to th e e nd of th e wat e r lin e 36. A wat e r ch ille r (not shown) and a wat e r h e at e r 
(not shown) ma i ntain th e temp e rature of the water in the r e servo i r 8 w i thin at a s e t 
t e mp e ratur e rang e so that the air c le aning system is abl e to cont i nuous l y warm or coo l th e ai r 
that i t c le ans. Th e pow e r cords ex i t th e r e s e rvoir 8 through a ho le A2 i n th e r e s e rvo i r 8 and 
th e cords and th e ho l e A2 ar e coupl e d by a washer mechan i sm (not shown) to pr e v e nt 
le akag e . A dra i n valv e A A can b e used to manua ll y withdraw wat e r from th e r e s e rvo i r 8. A 
r e movab le access pan el A6 prov i d e s acc e ss to th e contents of th e r e s e rvoir 8 without 
disconn e cting th e assemb l y. Slots Ad i n the r e s e rvoir 8 a ll ow air to b e withdrawn from th e 
room throughout 360 d e gr ee s. A i r pass e s through th e r e s e rvo i r through a coc e ntr i c annu l us 
32 to th e conta i n e r 6. Goc e ntric fil l l in e s 50 about th e annu l us 32 denote th e max i mum and 
m i n i mum wat e r lev e ls for th e reservo i r 8. Portab il ity i s promoted by mount i ng wh eel s or 
coast e rs (not shown) a l ong th e bottom c i rcumf e r e nc e of th e r e s e rvo i r 8. 

Oth e r e mbodiments of my inv e nt i on wi ll forc e th e a i r through th e syst e m wh e r e as th e 
pr e s e nt e d imbod i m e nt pul l s air through th e syst e m. Oth e r embod i m e nts of my i nv e nt i on w ill 
b e des i gned to automatica ll y ma i ntain th e appropr ia t e wat e r le ve l i n th e r e s e rvo i r and to 
i mpart a sl i ght el ectr i ca l charg e to th e wat e r. 

Th e mann e r of s e tt i ng up and op e rating th e syst e m fo ll ows. F i rst, p l ac e th e reservo i r 
8 at th e des i r e d loc a t i on i n th e room. P l ace a pred e t e rmin e d a mount of wat e r i nto th e 
r e servoir 8. Ins e rt th e acc e ss pan e l A6 into th e r e s e rvoir 8. P l ac e pr e d e t e rmin e d amounts of 
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po ll utant remov i ng m e d i a i nto th e conta i n e r 6. P l ac e notch 14 of th e conta i n e r 6 into notch 
16 of th e r e s e rvoir 8 and thr e ad the conta i ner 6 onto the r e s e rvo i r 8. P l ac e notch A A of th e 
air washing m e chan i sm A i nto notch 16 of th e contain e r 6 and thr e ad th e m e chan i sm A onto 
th e contain e r 6. P l ac e notch 1 4 of th e v e nt 2 i nto notch 16 of th e m e chan i sm 4 and thr e ad 
th e v e nt 2 onto th e m e chanism A. Attach th e wat e r l in e 36 to th e qu i ck conn e ct f i tting 3A of 
th e m e chanism A. Conn e ct th e pow e r cords for th e pump, fan, chi l l e r, and h e at e r to a pow e r 
sourc e . Turn on th e pump. Turn on th e fan. S e t th e th e romst a t to th e des i r e d t e mp e ratur e . 

Th e mann e r of r e gular l y mainta i n i ng th e syst e m fo ll ows. Turn off th e pump, fan t 
ch il l e r, and h e at e r. A l low th e wat e r to trick le into th e r e s e rvo i r 8. R e mov e and c le an the v e nt 
2. D i sconn e ct th e w a t e r l i n e 36 from th e mechan i sm 4 . R e mov e a nd c le an th e mechan i sm 
4 . R e mov e th e container 6, d i scard th e us e d media, and add n e w m e d i a to th e conta i n e r 6. 
P l ac e th e water li n e 36 i nto a dra i n, turn on th e pump, and pump most of th e wat e r in th e 
r e s e rvo i r 8 into th e dra i n. Turn off th e pump. Di s card th e r e main i ng wat e r in th e r e s e rvo i r 8 
us i ng th e manu al va l v e 44 . Add fr e sh l iquid to th e r e s e rvo i r 8. R e ass e mbl e and op e rat e the 
syst e m as pr e v i ous l y d e sc ri b e d . 

From th e d e script i on abov e , a numb e r of advantag e s of my a i r c le an i ng syst e m ov e r 
systems that d i r e ct l y f il t e r air a r e e vident . The vessel My inv e nt i on can m a x i m i z e th e 
proportion of th e a i r i n a room that i s cl e aned; op e rat e at a h i gh capacity ; improve the 
prov i d e gr e at e r scalability to of a fluid contacting vessel an a i r c le an i ng syst e m , increase the 
period of time a vapor or gas is contacted with a liquid, and contact the vapor or gas with 
clean liquid throughout the contacting cycle, provid e a m e ans to h e at or coo l th e a i r that i s 
be i ng c le an e d; and ma i ntain a constant rat e of c le an a i r d eli v e ry . Th e syst e m can r e duc e th e 
cost of op e rat i ng an a ir c le an i ng syst e m by us i ng le ss e n e rgy, i ncr e as i ng th e tim e of 
op e rat i on b e tw ee n r e gu l ar maint e n a nc e , and decr e as i ng th e cost of r e p l ac e m e nt m e dia. Th e 
syst e m can a l so r e duc e indoor air h e at i ng and cooling costs. 

My i nv e nt i on can b e scal e d to m ee t ei th e r hous e ho l d or comm e rc i al n ee ds such as 
de l iv e r i ng cl e an, disinfect e d a i r i n a m e dic al s e tt i ng or d eli v e r i ng warm or cool ai r to rooms, 
hom e s, offic e s, and bu i lding s . The present My invention can be used in many applications 
with the appropriate changes in the dimensions, materials of construction , and the 
configuration of the vesse l po ll utant r e mova l m e d i a, and th e l i quid(s) us e d . Although the 
description above contains many specifications, these should not be construed as limiting the 
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scope of my the invention but as merely providing an illustration of th e presently pr e f e rr e d an 
embodiment of my the invention. 

The dimensions of the vessel including the height and diameter of the vessel housing, 
the diameter of the stem, and the inside and outside diameters of the blade may be changed 
to account for the desired flow rate of the vapor or gas through the vessel. 

The number of revolutions of the blade about the stem of the auger shaped fluid 
guiding body can be increased so that the period of time that the vapor or gas is within the 
contacting zone is increased. 

Vapor or gas and liguid streams may enter and exit the vessel at other points within 
the vessel. The stem of the auaer shaped fluid guiding body may be solid or it may have a 
central hollow core through all or part of its length. 

The liguid may be warmer or cooler than the vapor or gas so that heat is transferred to 
or from the vapor or gas. 

The blade of an auger shaped fluid guiding body may be solid with perforations with a 
liguid introduced onto the blade and entering the conduit through the perforations in the 
blade, or the blade may be hollow with the top of the blade being solid and the bottom of the 
blade being perforated with liguid introduced into the blade and entering the conduit through 
perforations in the bottom of the blade as shown in the drawings 
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What is \ claimed is: 

1 ; An a i r cleaning syst e m th e m e ans to d i sp l ac e a i r, contact th e d i sp l ac e d air w i th a li qu i d, 
e xhaust th e clean o d a i r, and discharge th e us e d l iqu i d; and th e m e ans to c le an, d i sp l ac e , 
and d i r e ct a l iquid wh e reby indoor air i s c le an e d. 

2. The means to displace a i r, contact the d i sp l ac e d air w i th a l i qu i d, exhaust th e c l ean e d 
air, and d i scharg e th e us e d li qu i d of c l a i m 1 wh e r ei n said m e ans compr i sing a v e nt 
and an air wash i ng mechanism. 

3, The vent of c l aim 2 where i n said v e nt compris i ng th e m e ans to d i splac e and 
d i str i but e a i r. 

A. Th e air washing mechanism of c l aim 2 wherein sa i d m e ch a nism compr i sing on e or 
mor e surfaces wher ei n th e surfac e s form on e or mor e wh e r ei n a li qu i d and th e 
d i sp l ac e d a i r ar e conta i ned, m i x e d, and s e parat e d. 

5. Th e m e ans to cl e an, displace, and d i r e ct a l i qu i d of c l aim 1 whoro i n sa i d means 
compris i ng a contain e r and a r e s e rvoir. 

6. Tho oonta i nor of c l aim 5 comprising tho moans to c l oan and dicchargo a liquid. 

7. Th e r e s e rvo i r of c l a i m 5 comprising th e m e ans to d i splac e and d i r e ct a li qu i d. 

8. Th e r e s e rvoir of c l a i m 5 furth e r comprising th e m e ans to h e at and coo l a li qu i d. 

9. Th e r e s e rvo i r of claim 5 further compris i ng th e m e ans to i mpart a s li ght 



e le ctrica l charg e to th e l i qu i d. 



1 0. Th e r e s e rvoir of claim 5 furth e r compr i s i ng a m e ans of portab i l i ty. 
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11. The method of contacting a vapor with a liquid comprising providing a substantially 
helical conduit by which a vapor passes through a contacting zone defined by a substantially 
vertically disposed substantially cylindrical housing, introducing the said vapor at one end of 
the said conduit advancing the said vapor through the said conduit, said conduit having an 
outer lateral periphery defined by the wall of the said housing and an inner lateral periphery 
positioned between the axis of the said contacting zone and the said wall of the said housing 
whereby a flow path through the said contacting zone is created, introducing the said liguid 
into part or all of the said conduit into the said flowing vapor stream whereby the said liquid is 
dispersed into the said vapor stream throughout part or all of the said contacting zone, 
advancing the contacted liguid through the said conduit, withdrawing the said contacted 
vapor from the said contacting zone, and withdrawing the said contacted liquid from the said 
contacting zone. 

12. The method of claim 11 wherein an auger shaped fluid guiding body comprising a stem 
and a blade extends through part or all of the length of the said axis of the said contacting 
zone, said blade having an outer periphery adjacent to the said wall of the said housing and 
an inner periphery adjacent to the said stem, said blade further comprising the means to 
disperse the said liquid into the said flowing vapor stream. 

13. The method of claim 11 wherein the temperature of the said liguid is warm or cool in 
relation to the temperature of the said vapor whereby a temperature gradient between the 
said liguid and the said vapor is created and heat is transferred to or from the said flowing 
vapor stream. 
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A PORTABLE VESSEL FOR CONTACTING FLUID PHASES A I R CLEAN I NG. 
HEATING, AND COOL I NG APPARATUS 

Abstract: An a i r c le aning syst e m compr i s i ng the m e ans to d i sp l ac e a i r, A vessel to 
contact th e d i splac e d a i r a vapor or gas w ith a liquid has a conduit through which a vapor or 
gas flows and is contacted by a liquid. A fluid guiding body confined within a vessel housing 
imparts a helical movement of the vapor or gas flowing through the vessel, disperses liguid 
into the flowing vapor or gas, and discharges the contacted vapor or gas and liguid 
separately from the vessel. Impurities in the vapor or gas stream are transferred from the 
vapor or gas stream to the liguid stream. Introducing a liguid having a temperature greater 
than or less than the temperature of the vapor or gas results in the transfer of heat to or from 
the vapor or gas. , e xhaust th e c l ean e d air and d i scharg e th e us e d l i guid; and th e m e ans to 
c lea n the us e d li quid, h e at or coo l th e li qu i d, impart a charge to th e li qu i d, and disp l ace and 
d ire ct th e li qu i d wh e r e by i ndoor air i s c le an e d and i ndoor air t e mp er atu re is contro ll ed. 
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